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ABSTRACT 



A thin, flat, multicell battery comprising a multiplicity 
of electrically conductive layers arranged in coopera- 
tive electrical association with one another to provide 
a plurality of cells. The layers include intercetl connec- 
tors which cooperate together to form sealed enclo- 
sures for each cell, and to form electrical connections 
to connect the cells in series. The battery has a mini- 
mized internal resistance, a capability for high dis- 
charge rates particularly suitable for the production of 
pulses of current, and a discharge efficiency far supe- 
rior to conventional flat cell batteries at current densi- 
ties exceeding 1 00 miliiamperes per square inch of an- 
ode. These features are achieved by the adherence and 
electrical bonding one to the other of the confronting 
faces of the several conducting layers of the battery. 
The preferred form of the battery is discussed in terms 
of the LeCIanche system. 

13 Claims, 8 Drawing Figures 
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HIGH DISCHARGE RATE MULTICELL BATTERY result is unexpectedly achieved by the establishment of 

„ . , electrical interconnection of the confronting faces of 

BACKGROUND OF THE INVENTION several conductive layers of the battery, character- 

1 . Field of the Invention ized by the adherence of the confronting faces one to 
This invention relates to a thin, flat, multicell battery 5 another. Such adherence has been found to assure the 

characterized by a low internal resistance and resultant resultant electrical bonding of the conductive particles 
capability of being discharged at high rates. in one of the conductive layers of the battery with the 

2. Description of the Prior Art conductive particles in the adjoining conductive layer, 
Although flat, multicell batteries are known in the and consequently to minimize the internal resistance of 

art, they leave much to be desired from the standpoint 10 the battery without need of applying any external pres- 
of achieving low internal resistance. For example, it has sure. 

been proposed to produce voltaic piles by assembling As used herein, and as will be apparent from the fol- 
a plurality of thin, electrolyte-containing tissue paper lowing description, the references to the adherence, to 
separators, each of which is coated on one side with th e electrical bond between, or to the electrical bond- 
zinc and on the opposite side with manganese dioxide 15 i n g together of the confronting faces of the several con- 
(U.S. Pat. No. 2,701 ,272 - Reiner). Such batteries, ductive layers of the battery are to be taken to mean to 
however, are characterized by an extremely high inter- make secure an adequate electrical connection be- 
nal resistance. tween the adjacent layers internally ahered one to the 

It has also been proposed to produce a galvanic dry otner to j nsure j ow resistance passage of current (ionic 
tape cell system in which the electrochemically active 20 Qr electronic ) between them. 

materials are contained within a continuous hermeti- According to the invention, a flat multicell battery is 
cally sealed, thin, flexible tape (U.S. Pat. No. prov ided that is characterized not only by a low inter- 
3,379,574 - Grulke et al,) f and discontinuously to ar- nal resistance and capable of a high discharge rate, but 
range the electrochemically active materials in such a ^, so by gQod structura i integrity and flexibility. Gener- 
tape to form separate, discrete cells along the length of 25 ^ speakingj multicell batteries of the invention 
the tape (U.S. Pat. No. 3,494,796 - Grulke et al.). include a plurality of series-connected cells comprising 

Another approach has been to minimize the inter- ft multipHcity of electrically conductive layers which 
electrode spacing to reduce internal resistance (U.S. include, for each cell, a positive electrode layer, a nega- 
Pat. 3,421,944 - Bauer). It has also been proposed to tive e | ec trode layer, and an electrolyte-containing layer 
augment the compactness of a battery of multiple layer »> disposed between and separating the positive and nega- 
construction by attaching the separator layerdirectly tive eIectrodes Adjacen t cells of the battery are electri- 
to at least one electrode (U.S. Pat. No. 3,304,203 - ^ connected one to tne other by means of an elec- 
Nordvik). trolyte impervious intercell connector layer that is dis- 

The need to iapply compressive forces to a flat, multi- ^ fa contacti reIat ionship with each 

cell battery and to maintain the battery under compres- ^ Qf ^ ^ The a|sQ mcludes a jr 

sion during use in order to minimize the internal resis- ^ f current J coUector { one of which is disposed in 
tance of the battery has long been known and numer- *ve ^ ^ ^ 

ous approaches have been "«^ Q » other of which is disposed in contact with the negative 

??«%' e 'S B i ^Y^S^^S^ 40 terminal electrode. . 
IfAill ' £ T" % iSS 55 fll KISS* fa accordance with the invention, the confronting 
SSSIi 5SS3S ^»2rf ^ces <> f each adjacent pair of conductive layers form- 

Lf uuuy^uuu ^ , • moanc ing the battery are adhered and electrically bonded one 

taoes. bands, straps and encapsulators or other means » / J , 

uipca, uajma, m f , u«t*o«, in , rpoCAC to the other, including not only the electrode and sepa- 

to impart compressive forces to the batterv increases » & . J *^ 

c * k/i™«™. *\,~ A~ n r<*~ rt f ^rr, 45 rator layers, but also the intercell connector layers and 

manufacturing costs. Moreover, the degree ot com- ,\ „ . * j- 

pressive forced is applied to the batter? components the externally accessible current collectors. According 
is often difficult to maintain constant throughout the to one form of the invention, each cell is sealed at the 
life of the battery. Since the electrical characteristics of peripheral faces of the interceU connector layers which 
such batteries vary with the degree of compressive ^ extend beyond the electrodes disposed therebetween to 
force that is applied, especially at high discharge rates, 50 P^vide a liquid impervious seal around each cell, 
variations in the applied force are undesirable. Also, as ^ preferred form of the invention, the thickness of 
the thickness of the battery decreases, the practicality the electrically conductive layers forming each cell is 
of using tapes, bands, straps or encapsulators dimin- of the order of five hundreths of an inch or less. In this 
ishes, since the compressive forces that are desired to connection, it has been discovered that multicell bat- 
minimize the internal resistance of such batteries may 55 tenes of the LeClanche type having positive electrode 
often be of a magnitude sufficient to cause the battery layer thicknesses of the order of 0.025 inch are, in the 
to buckle as would a sheet of paper to which external absence of the application of any external pressure to 
pressure is sought to be applied by means of a rubber the battery, characterized by a cathode efficiency of at 
ban £ least 5 percent on continuous current drains of 200 mil- 

60 liamperes per square inch of anode, the voltage per cell 
SUMMARY OF THE INVENTION during the entire time of application of the aforesaid 

The present invention contemplates the provision of current drain being at least 1 volt. Moreover, four-cell 
a thin, flat, multicell battery characterized by a mini- LeClanche batteries produced in accordance with one 
mized' internal resistance that is attained without the 65 form of the invention have been found capable of pro- 
use of tapes, bands, straps, shrinking encapsulation, or ducing at least 1 1 pulses of 1.1 seconds duration with 
of other means of applying compressive force to the a load of 3.3 ohms at a voltage of at least 4 volts, the 
battery components. It has been discovered that this rest interval between pulses being 3 seconds. 
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According to another form of the invention, each elude manganese dioxide as the positive active mate- 
electrode layer comprises a binder matrix containing rial, and the negative electrode layers 30a, 30*. 30c an? 
electrochemically active material, and each intercell 30a" will include zinc as the negative active material, 
connector layer comprises a non-conductive matrix Each of the four ceUs (A, B.G, and D) also includes an 
containing electrically conductive material. In this em- 5 electrolyte-containing layer (40a, 40b, 40c and 4<W 
bodiment, means including said matrices are provided respectively) which separates the positive electrode 
for adhering together the confronting faces of each pair from the negative electrode of each cell, and which 
of adjacent layers formed by said matrices. There are preferably comprises a porous separator saturated or 
further provided bonding means for adhering together impregnated with an acidic solution of ammonium 
the confronting faces of each of the electrolyte- 10 chloride and/or zinc chloride. 

containing layers with the adjacent electrode layers, fa The present invention contemplates the selection of 
this manner, there is established throughout the battery positive and negative electrode active materials and ^ 
adherence between all of the confronting faces of the electrolytes in accordance with the preferred tech- 
conductive layers forming the battery with the desired niques and know-how of those skilled in tiwart to pro- 
electrical bonds therebetween. 15 vide not only low mtemal resistance tome battery but 

also efficient utilization of the active materials of the 

BRIEF DESCRIPTION OF THE DRAWINGS electrodes in the production of high discharge rates; 

FIG. 1 is a pictorial view of a sealed, multicell battery Though examples of the electrode and electrolyte cpm- 

embodying the present invention; positions are set forth below, sweh compositions in^nd 

FIG 2 is a greatly magnified fractional cross section 20 of themselves dp not achieve the desired minimized in- 

of the battery taken along line A— A of FIG. 1; ternal resistance and consequent high discharge rate 

FIG. 3 l is a greatly magnified cross-sectional view sim- unless the layers are electrically bonded together as 

ilar to that shown in FIG. 2 but illustrating a modified taught by this invention. . ,. 

form of the invention; and « ta accordan <* ^ ~ e ■*^J"T^SSrtS 

FIG 4 is a greatly magnified cross-sectional view sim- 25 bonds are provided at the confronting, faces of all of the 
ilar to that shown in FIG. 3, but illustrating a further electrically conductive layers of the battery. Thus, in 
embodimeht of the invention. the embodiment shown in FIG. 2, the wrapper avers 60 

FIG 5 is a graph setting further the results of tests and 70 are electrically bonded to the adjacent layers 80 
comparing the performance of batteries produced in and 90, respectively; the layers 80 and 90 «^lectri- 
accordance with the invention with the performance of 30 cally bonded to the ^^P e , c ^,^ era .^ n "^ C 
flat cell batteries of the prior art; positive electrodes 2(ta, 20fc, 20c and 2W are electn- 

: FIG. 6 is a.graph similar to FIG. 5; cally bonded to the elec^olyte-containmg layers 40a, 

FIG. 7 is a graph comparing the electrical perform- 40b, 40c and 40aY respectively. The latter are, in turn, 
ance of different embodiments of the invention; and electrically bonded to negative electrode layers 30a, 

FIG. 8 is a graph similar to FIG. 7. 35 30*. 30c and 30a, respectively. The .latter negative 

. 8 ■ electrode layers are electrically bonded to intercell 

DESCRIPTION OF THE PREFERRED connector layers 50*750*. and 50c respectively. In 

EMBODIMENTS turn, the intercell connector layers are: electrically 

Referring how to the drawings, the invention in one . bonded to positive electrode layers 20fr, 20c, and 20o\ 
form has been shown as applied to a thin, flat, multicell 40 respectively. • •■ ■• • • ' .• 

battery 5 which, as shown in FIG. 1, is approximately By establishing throughout the battery adherence be- 
square although it may be rectangular or any other de- tween the respective confronting faces of the several 
dred configuration. In the embodiment shown in FIG. electrically conductive t Iayersform.ng Ae^tery and 
2. the battery 5 includes a vapor impervious wrapper or thus providing the electncalbonds therebetween, it has 
envelope comprising wrapper layers 60 and 70 (as of 45 been discovered that a_h.gh performance rate battery 
steel, for example) Ihich provide a liquid impervious may be achiev^ which K supeno^to batteries ofthe 
seai; ro undmecellsandwhichfunctionasc U rrentcol- prior art Notably, the batteries of the 
lectors. Use of metallic wrapper layers such as 60 and produced wherein the total thickness of ^ electocally 
70 is optional, however, as will be apparent from the , conductive layers forming each cell is five h^«ti,s of 
description which follows 50 an inch or less. If desired, thinner batteries in which the 

The battery shown in FIG. 2 comprises four cells, A, thickness of each cell, together with an intercell con- 
B C and D separated one from another by electrolyte nector layer does not exceed five hundreths of an inch 
imnervious intercell connector layei^fi.lnTWsec, may also be produced. ^ 
^chrfwhteh extends outwardly beyond the cell struc- By virtue of their thinness and structural mtegnty .the 
Sandl [orms part of a peripheral, liquid impervious 55 high discharge rate battenes of the mvention are char- 
seal at each edge ofthe battery 5. A pair of inert, liquid acterized by good flexibility rendering them suitable for 
impervious, electrically conductive layers 80 and 90 use in numerous applications 

are adhered to the terminal electrodes 20a and 30d of In accordance with the mvention the electrical 
end cells A and D respectively. Suitable insulating ad- bonds between the confronting faces of tiie several lay- 
heSv^ material 100 borders each, intercell connector 60 ers of the multicell battery are achieved in various ways 
laver (50a. 50* and 50c respectively) at the peripheral which are in part dependent upon the compositions of 
faces hereof to cooperate therewith in providing a liq- the respective layers. For example, the ^ conductive 
uid tight seal. Wrapper layers 60 and 70 surround the layer 80 is preferably formed of a . plastic material 
cells on the outside Tof the conductive layers 80 and 90 wKcnTsTm perviou s to electrolyte a nd which is electro- 
ranectivelv chemically inert in the sense that it will not cause any 

^Where the battery 5 is of the LeClanche type, the undesirable chemical reactions within the battery dur- 
ppsitive electrode layers 20a, 20*. 20c and 20d will in- iiig storage and use. Thus, layer 80 can comprise a npn- 
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conductive matrix, as of a thermoplastic material such ing porosity to the electrode layers 20 will readily occur 
as polyvinyl chloride, for example, so thoroughly im- to those skilled in the art. 

pregnated with conductive particles, as of carbon, for Where the construction of the positive electrode in- 
example, as to exhibit a low resistance to the flow of volves the evaporation of liquid from a mixture includ- 
ciirrent from one face to the opposite face thereof. In 5 ing the particulate positive active material, volatile liq- 
such case; the thermoplastic material may provide the uid, binder, and conductive particles, the electrical 
desired bond between layers 60 and 80 by being di- bond between the positive electrode layer and the in- 
rectly bonded to the face of the steel wrapper layer 60, tercell connector layer may generally be achieved by 
as by laminating techniques. If desired the desired elec- depositing the positive electrode mix including the 
trical bond may be achieved with the aid of other bond- 10 foregoing components in contact with the intercell con- 
ing means, such as a conductive adhesive as, for exam- nector, and subsequently evaporating the volatile liquid 
pie, metal filled epoxies. from the electrode layer. Heat arid/or pressure may 

The positive electrode layers 20 comprise manganese also oe used to establish the electrical bond between 
dioxide in the form of fine particles dispersed or sus- the electrode layer and the intercell connector layer, 
pended in a binder matrix. The binder in which the par- 15 particularly where the positive electrodes are of the 
ticulate manganese dioxide of the positive electrode tv P e wherein the pores are produced by the dissolution 
layer 20 is dispersed functions to increase the structural or leaching-out of a solid to impart porosity to the pre- 
integrity of the positive electrode layer and also coop- formed electrode layer. 

erates with the conductive plastic layer 80 in establish- 111(5 theoretical requirements of electrolyte- 
ing a good electrical bond 20^80 throughout the con- 20 containing separator layers 40a, 40*, 40c, and 40d are 
fronting faces of layers 20a and 80. The adherence or * at *7 conta J n electrolyte as well as physically sepa- 
bonding that is achieved between the binder matrix of rate ana^^ent cornet between the surroundingelec- 
positive electrode layer 20a and the conductive plastic trodes ; A deposit of gelled electrolyte couId>T*Self 
of adjacent layer 80 appears to bring into contact the „ scrve both functions if of proper thickness and/or con- 
conductive particles at the interface between the two 25 Pf/ 1 !™! co ^ truct,on f s A 
layers, of at least to optimize the electrically conduc- S ell ^ or flu * ? lec <? ^ith asepara or which is dis- 
^ . \. , . *u * »i _ -*u*u M j tinct from and in addition to the electrolyte, the separa- 
tive paths between the two adjacent layers with the end . . ' - A j- » * * 
f - . . *. * . . tor providing added insurance against direct contact 
result of achieving an extraordinarily low resistance *t « * j j uu* 

. r _ . A . ' . between the electrode and acting as an absorbent mate- 

path fronvone layer to the next adjacent layer. 30 electrolyte may be impregnated. 

The binder or matrix in which the ^electrochemically ^ construct jo ns J aV( ho *J er> be 

positive particles of electrode layers 20 are dispersed or viewed ^ forms Qf electro¥e ^ ntaining separa _ 
suspended may comprise for example, polyvinyl ace- ^ ^ w ^ fe ^ tor £ from and in 

tate, styrene butadiene rubber polychloroprene, epoxy addition tQ ^ electrol ^ e( ±e separator may be made 
resins, poly vinyl chloride, acrylomtnle rubber, polyiso- 35 from a ^ variety of materials including the fibrous 
butylene, polyethylene, and ethylene vinyl acetate. and celluIos ic materi als which are conventional in bat- 

The positive electrode layers 20 include conductive tefy construction a8 well ^ from woven or n0 n-woven 
particles, as of carbon or graphite, for example, to im- flbrous materials such ^ polyester, nylon, polypropyl- 
prove the electrical conductivity between the particles e ne, polyethylene and glass. These electrolyte contain- 
er electrochemically positive material which them- 40 i ng layers may also include materials for inhibiting gas 
selves are poor conductors. The conductivity of the evolution, such as mercuric chloride, for example. If 
particulate positive active material and that of the desired, such gas inhibitors may be included in other 
binder itself, i.e., the conductivity of the mixture of ac- layers of the battery. 

tive material plus the binder, will generally influence e i ec trical bond 20-^0 between the confronting 

the amount of conductive particles that is used to pro- 45 faces 0 f i ayers 20a and 40a ( can be established through 
vide the electrode layer 20. the aid of a bonding gel, such as polyvinyl alcohol, 

To afford the electrolyte maximum access to the sur- methyl cellulose, or any one of a wide variety of 
faces of the particles of active material in the electrode starches utilized as bonding agents in the battery indus- 
layers 20, the electrode is made sufficiently porous to try. Where the separator layers 40 are formed of a 
permit the electrolyte to diffuse throughout the layers 50 woven 0 r non-woven material that is compatible with 
20. Porosity in the electrode can be achieved in any and will adhere to the positive electrode layers 20, such 
well-known manner as, for example, by including in the separate bonding means mav not be required. In gen- 
electrode mix a volatile fluid which is evaporated dur- e ral, such bonding agents when used can be included 
ing construction of the electrode leaving a porous within the separators 40 along with the electrolyte, 
layer. Alternatively, porosity may be imparted by add- 55 Preferably, the electrolyte is included within the bond- 
ing to the components of the electrode layer (including ing gel. 

the binder, active material and conductive material in A similar electrical bond 40—30 at the confronting 
particulate form) particles of a solid material (such as faces of the electrolyte-containing separator layer 40a 
salt, for example) which can be removed subsequent to and the negative active material layer 30a may be es- 
the formation of the electrode layer by exposure of that tablished in the same manner as electrical bond 20-40, 
layer to a solvent (such as water, for example) in which or a different bonding gel may be utilized, 
the solid material is soluble, but in which the remaining The negative electrode layer 30a comprises electro- 
components of the electrode layer are insoluble. The chemically active negative material (zinc, in the case of 
resulting electrode layer is rendered porous upon re- fi5 the LeClanche system) which may be in the form of 
moval of the particulate solid material by exposure of particulate metallic particles contained in and dis- 
the electrode layer to the solvent in which the particu- persed throughout a porous binder matrix as shown in 
late solid materia] is soluble. Other methods of impart- FIG. 2. Alternatively, the negative electrode layer 30a 
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can comprise thin sheets or foils of electrochemically through the apertures 52 and functions to establish the 
active material (which can be adhered to the layer 50a electrical bonds between the adjacent , electrodes of 
by means of a conductive adhesive as described each respective cell. Thus in tlte region coextensive 
above,) or a thin layer of metal as may be obtained by with adjacent layers 30ft and 20c, the conductive adhe- 
metallized spray or vacuum deposition techniques. 5 sive 53 functions to provide the desired electrical 
Where a porous binder matrix is used in conjunction bonds between those layers and assures a low resis- 
with particulate metallic particles, the same consider- tance path for the flow of electrical current between 
ations as discussed above with respect to the positive the respective cells; _ . 

electrode matrix will generally apply, although, con- Since the plastic matenal 51 within the interceU con- 
ductive additives, such as carbon or graphite particles, 10 nectors 50 is non-conductive in the region extending 
are not needed to enhance the electrical conductivity beyond the length and breadth of the cell, tiiey may be 
of the negative particles which are better conductors sealed one to the other without the neetTof an msu fat- 
ten the additives tag adhesive 100 as was used in the embodiment illus- 
The ^nHn^iv; ^trolvte im permeable, intercell trated. in FIG. 2. Accordingly, non-conductive mem- 
connet^TayeT^a^ of the Sme non- 15 bers 51 may be heat sealed directly to each other and 
conductive plastic matrix containing electrically con- cooperatively associated with the conductive plastic 
ductive material (i.e., conductive plastic) as the layer layers 80 and 90, and wjth wrapper layers 60 ^nd 7J, 
80, in which case the binder s the negative electrode to provide the desired liquid imperious seal around 
layer 30a can cooperate therewith to establish the elec- the battery. •-. _ ■:• ; • 
trical bond 30^M between the confronting faces of 20 As will be appreciated by those skilled in the ar^ bat- 
layers 30a and 50a. Alternatively, electrical bond teries are often kept in storage/or extended periods ; of 
30-50 between the negative electrode layer 30a and time before they are used, If dunng such penqds^the 
the condu^ plastic im^ll connector layer 50a can liquids within the battery ^^J^fnerfS 
be eSablSned^through the use of o ther bonding nieans, is rendered incapable of achieving its desired perform- 
such as a suitable conductive adhesive as. for example. 25 ance when later placed into use. Accordmgy th ^ 
metal filled epoxy interposed between the negative ticell batteries of the invention may mc ude .the > provi- 
Erbde and mtercell connector. If desired, the inter- sion of a vapor impervious wrapper sealed around the 
cell connector layers S0a-50c can be formed of a battery. Additionally the batteries 
rStelwhosedutersurfacesareelecUochemicaUyinert charge, produce liquid by-products which arc corro- 
Tas. for example, titanium). In such case, the electrical 30 8i ve. poisonous, or otherwise harmful and it ;» there- 
bond 30-50 may be achieved either by the adhesion by fore desirable to prevent liquids of this character from 
ti?"bindlr1nthe negative electrode layer 30a, or by a escaping from the battery. Accordingly ^emuW 
ccmductive adhesiv ^ interposed between them. Such batteries of the invention may include s^mg means 
eSlche^Sly inert meial intercell connector layers for preventing or at least mmirmzing the loss of liquids 
include those in which the inert metal comprises the from the battery during storage and use. . 
entire thickness of the layer, as well as those in which The multicell I batteries of the mventior . are^ abo pro- 
an electrolyte impervious deposit of inert metal ap- vided with conductor layers 80 and 90 for conducting 
oea«"h tS exterior surfaces^ a metal such as zinc. electrical current between the terminal electrodes (20a 
Eh otherlise^ould be electrochemically active in ^ and 30a" in FIG. 2) and the exterior of the vapor miper- 
whicn otnerwise woma oc 40 vious wra pp C r layers 60 and 70. While the vapor imper- 
Utaan important feature of the invention not only to vious wrapper layers 60 and 70, which also act as cur- 
esteblfch S seTral bonds between the layers 80 and rent collectors, should preferably extend around ^e 
5f 20a ah« 40a, 40a and 30a. and 30a and 50« as de- cellsof the battery, these current collectors may b< >hm- 
scrioed^n connection with eel A, but also to establish ited in size if desired so that they extend across _ sorne 
Sai JelecSbona^^tweentheihterceUc 

tors 50ft and the positive electrode layer 20fr; and be- airele«s^-bo»^^ - . • . . f 
tween the confronting faces of all of the remaining lay- As will be appreciated from FIGS. 2, 3 and?, several 
lr^rmi n rth^elta I C and D with the final electri- alternative constructions may be used which simuka- 
IZ SS bS* ^btteen AeTaye^ L the steel wrap- „ neously meet the vapor and liquid continent and the 
caiDonapeingpeiwBcnui , . 50 cu ^ nt M , lecting ^ current conducting requirer 

Pe FIG y 3 r Ulustratesamodf.edformofmulticellbattery ments referred to above. Qne ""f^,"^ 
5 of the invention which differs from the construction these requirements is shown in FIGS. 2 and Sphere 
shown in 2 by the composition of the intercell there is illustrated a.Iaminate of a metal layer 60 wtth 
connector laVers 50 and by the means by Which liquid „ a sheet of an electrically conductive plastic layer 80, 
h*peSusS 55 and a second laminate of a metaUayer 70 with aneec- 

faS of *e intercell connector layers. The intercell tricafly conductive plastic layer 90. Such laminated lay- 
c^l*aye« 50 include a non^conductive plastic ers may be formed by adhering Ae metel avers 
mateS SI such as polyvinyl chloride, for example, through the aid of heat and pressure. Altenttgfe*' 
Shis impervious to the electrolyte and electrochem- 60 . current cpUectors may be sprayed, vacuum deposited 
US inert The negative electrode layers 30 a, 30ft and 6 °' or electro-deposited upon the plastic layers. 
K" hown in FIG. 3, comprise sheete or foils of zinc. fa such laminated constructions, the conductive plas- 
Kregton substantially coextensive with the length tic membersSO and 90 function as the current conduc- 
and breadth of the electrodes adjacent each intercell tors and liquid impervious containers. The metal layers 
connector SO; each non-conductive plastic member '51 M 60 and 70 function as the vapor impervious wrappers 
feorovMed I witiT a multiplicity of apertures, as at 52, " as well as the means for collecting current. Based upon 
aX coated with a conductive adhesive material 53. the recognition that *e metel layers «P and ^ g 
The conductive adhesive 53 is applied to permeate bonded directly to the conductive plastic members 80 
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and 90 respectively through the application of heat and 
pressure, the laminated assemblies of layers 80 and 90 
with metal layers 60 and 70 respectively comprise units 
each of which functions simultaneously as the current 
conductor, the outside wrapper or vapor barrier, the 
liquid barrier, and means for collecting current. The 
metal layers and the conductive plastic layers each 
serve as moisture barriers thus providing, in combina- 
tion, a vapor and liquid barrier outside each end cell, 
and thereby contributing to the extended shelf life in 
the resulting battery. A further advantage of the combi- 
nation of an exterior metal layer laminated to an inter- 
. ior conductive plastic layer adjacent the terminal elec- 
trodes is the fact that the conductive plastic layers tend 
to be good conductors of electricity across their thick- 
ness, but not along their lengths, while the metal layers 
conduct, electricity well in all directions and therefore 
serve nicely to collect current to some terminal point. 

Other constructions which are alternatives to that 
shown in FIGS. 2 and 3 may be used to satisfy the wrap- 
per and current conducting means requirements of bat- 
teries produced in accordance with the invention. On 
such alternative is shown in FIG. 4, which illustrates a 
multicell battery 5 of the invention including moisture 
impervious wrapper or envelope layers 60 and 70 
bonded to terminal electrodes 20a and 30d respec- 
tively. The electrical bonds between layers 60 and 70 
and the respective terminal electrodes 20a and 30d re- 
spectively, are established by the binder matrix in the 
electrode layers, or by the use of a suitable conductive 
adhesive, or both. As shown, layers 60 and 70 in FIG. 
4 comprise metallic foils or sheets whose surfaces ex- 
posed to the electrode layers 20a and 30o* and to the 
electrolyte, are electrochemically inert. Such metallic 
wrapper layers may be formed entirely of an electro- 
chemically inert metal, such as titanium, for example, 
or can be formed of a metal such as copper or zinc, for 
example, having an impermeable deposit of electro- 
chemically inert metal on at least the surfaces exposed 
to the terminal electrode layers 20a and 30o* and to 
electrolyte. 

Another alternative construction for providing the 
current conductor-moisture impervious wrapper func- 
tion includes a construction which differs from FIG. 2 
and 3 to the extent that the exterior members 60 and 
70 are formed of an electrically insulating, or non- 
conductive material, and the inner electrically conduc- 
tive members 80, 90 serve as the current collectors and 
electrically conductive means, as of metal or conduc- 
tive plastic, extend through or beyond the exterior 
members 60 and 70 to conduct the current to the exte- 
rior of the wrapper. 

As further shown in FIG. 4, intercell connectors 50a 
and 506 are of the type illustrated in FIG. 3, i.e., they 
each include a non-conductive, liquid impervious plas- 
tic film material (51a, 51c) such as a co-extruded film, 
which is electrochemically inert. In the regions substan- 
tially coextensive with the length and breadth of the 
electrodes 30a and 206 which are adjacent to intercell 
connector 50a, and in the region coextensive with the 
length and breadth of the electrodes 30c and 20a* which 
are adjacent to intercell connector 506, each of the 
plastic films. 51a and 51c is provided with a multiplicity 
of apertures, as at 52, and is further coated with a con- 
ductive adhesive material 53. The conductive adhesive 
53 is applied to permeate through the apertures 52 and 
functions to establish the electrical bonds between the 



,504. 

to 

adjacent electrodes of each of the respective cells. 
Thus, in the region coextensive with adjacent layers 
30a and 206 and between adjacent layers 30c and 20 d y 
the adhesive 53 functions to provide the desired electri- 

5 cal bonds between the intercell connector layers 50a 
and 50b and the respectively adjacent electrode layers, 
and assures a low resistance path for the flow of electri- 
cal current between the respective cells. 
As further shown in FIG. 4, intercell connector layer 

10 51 b is of the same type as trie intercell connectors 50a, 
506 and 50c illustrated in FIG. 2, i.e., is formed of a liq- 
uid impervious, electrically conductive material such as 
carbon -filled polyvinyl chloride, for example. 
As will be seen from FIG. 4, the plastic film layer 51a 

15 serves to insulate conductive layers 60 and 516 from 
one another in the peripheral region of the battery. In 
the same fashion, plastic film layer 51c serves to insu- 
late conductive layers 516 and 70 from one another in 
the aforesaid peripheral region of the battery. Since 

20 layers 51a and 51c are formed of an insulating or non- 
conductive material, the liquid impervious seal at the 
peripheral region of the battery 5 can therefore be es- 
tablished without the aid of any insulating adhesive as 
was utilized in the embodiment shown in FIG. 2. Ac- 

25 cordingly, the respective. layers 60, 51a, 516, 51c and 
70 can be sealed to each other to provide the desired 
moisture impervious seal. 

Although the exact structural nature of the electrical 
bonds between each of the respective layers comprising 

30 the batteries of the invention is not thoroughly under- 
stood, it is believed that their nature, as described 
above, explains the new results achieved by their pres- 
ence. Thus, in the assembly of the battery as shown in 
FIG. 2, the electrical bonding of the various compo- 

35 nents seems to establish a multiplicity of conducting 
paths through and across the length and breadth of the 
confronting faces of each pair of layers by the electrical 
interconnection of the conductive particles of each 
layer that are in the region of the interface between the 

40 layers. Accordingly, from the positive current collector 
layer 60 of the battery to the negative current collector 
layer 70, there is a minimized internal resistance of the 
battery. Moreover, the electrical characteristics of the 
batteries of the invention are substantially unaffected 
by the absence of compressive forces applied to the 
battery in the sense that the electrical performance of 
the battery will not substantially vary with the applica- 
tion of external pressure. 

While in the preferred form of the invention the elec- 
trical bonds should be established between all con- 
fronting faces of the several conductive layers forming 
the flat multicell battery, it has been found that in con- 
structions such as illustrated in FIGS. 2 and 3 the bonds 
established between the wrapper layers 60 and 70, and 
the adjacent layers 80 and 90 are of substantia] impor- 
tance. It has been found in this connection that if only 
one such bond is omitted, the measured impedance of 
the battery will increase nearly 70 times. 

6Q The electrical bonds present between the intercell 
connector, layers and the confronting faces of the re- 
spective positive and negative electrodes of the adja- 
cent cells are also of particular importance. If the 
bonds between two of the positive electrode layers 

65 (20a and 206) and the respectively adjacent conduc- 
tive plastic layers (80, 50a) are omitted, the measured 
impedance can exhibit nearly a 12 fold increase, and 
the closed circuit voltage of a four cell, 6 volt battery 
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of the LeClahche type can decrease from a value of Insulator seal windows (corresponding to the seals 

about 5 volts when the electrical bond is present, to a 100 of FIG. 2) formed of a double-faced, cold bond 

value of about 2 volts, when the electrical bond has polyester film; sold commercially under the trade des- 

beeh omitted-.- 'as will become readily apparent from ignation "Mac-Tac IS0706" by the Morgan Adhesive 

Table I below: 5 Company, and measuring 2.75 inches by 3.42 inches 

To demonstrate the importance of each of the several externally, and 2.25 inches by 2.92 inches internally, 

electrical bonds between the confronting faces of the were then centered on and adhered to each face of the 

conductive layers forming a four cell, 6 volt, multicell conductive plastic pieces, and to the conductive plastic 

battery of the LeClariche type prepared in accordance faces of each laminate piece. A piece of release paper 

with the present invention, and to illustrate the substan- 10 wa s left on the exposed surface of each insulator-seal 

tial insensitivity of the electrical characteristics of the piece. 

batteries of the invention to the lack of applied pres- Anode application was achieved by flame-spraying 
sure, tests were conducted to compare the perform- 2 i nc onto the face of the conductive plastic pieces op- 
ance of batteries of the invention with similar batteries posite the cathode and onto the conductive plastic side 
in which the bonds between specific adjacent compo- 15 c f tne laminate pieces which did not contain cathodes, 
nents were removed. The batteries that were tested t0 a thickness of about 2 mils. The release paper on the 
were generally of the type illustrated in FIG. 2 referred seal-insulator served as a mask during the flame- 
to above, spraying operation to prevent contamination of the ad- 

The current collectors, or vapor impervious wrapper hesiveV 
layers 60, 70, comprised LS mil sheet steel (AI- 20 ^Yssembly of the battery was achieved by first bnish- 

SIG1008) tincoated i\!lO~}(4Jb,_^lm^bo^ and ing a min ^yer (about 0.5 gram) of the electrolyte gel 

annealed; onto the cathode on the laminate assembly. A separa- 

The conductive plastic layers 80, 90 and 50 com- tor p i ece (measuring 2.25 inches X 2.92 inches) dainp 

prised thin sheets of electrolyte impervious non- w |th electrolyte was then placed on the gel and ceh- 
conductiye matrix material containing electrically con- 25 tere d Q ver the electrode. Electrolyte gel (again about 

ductive particles and specifically comprised a carbon q 5 gra m) was brushed onto the anode side of the du- 

filled vinyl film having a thickness of the order of 3 p j eX electrode (anode-conductive plastic-cathode) in- 

mils. Such films are sold commercially by Pervel Indus- su latbr seal assembly, and the release paper pieces 

tries under the trade designation "Condulon." were removed from around the two gel covered elec- 
: the separator layers 40 comprised separator paper 3° ta ^ Mm The duplex electrode was then placed onto the 

(33 lb. Kraft paper) sheets having a thickness of ap- j coated cathode so that the facing anode and cath- 

proximately 3 mils, ode were in alignment. The insulator-seal pieces were 

The electrolyte utilized comprised a mixture ob- presse d together around the electrode, 

tained by blending 2,356 grams of zinc chloride, 5,180 The f ore g 0 ing process was then repeated beginning 

grams of ammonium chloride and 1 6,000 grams of dis- ^ the app jj cat j on Q f the electrolyte gel to the cath- 

tiiled water The electrolyte paste was prepared by the duplex electrc^ie just placed. When three du- 

combining 632 grams of mercuric chloride and 24 electrode assemblies were placed, the stack was 

grams of Methocel MC (a methyl cellulose sold com- c 0mp i ete d by placing a seal-anode-laminate piece in- 
Tnercially by Dow Chemical Company). 40 stead of a duplex electrode. 

The negative electrode layers 30 comprised flame- ^ following techniques were employed for remov- 

sprayed zinc. .... ine bonds between specific pairs of adjacent battery 

The positive electrode layers 20 comprised a mixture co e mpon e nts . 

of 400 grams of a carbon-loaded Latex base (sold Com- ^ electr j cal bonds betW een the steel wrapper layer 

mercially under the trade designation Eccocoat SEC 45 ^ ^ ^ . plastic layer (80 or 90) 

by Emerson & Cuming, Inc.), 80C I grams of electrolytic ^ ^^-^ by delamina ting the plastic layer and 

manganese dioxide, 4 grams of Cab-O-Sil (a precipi- then k cingthe parts against each other. Otherwise the 

tated, hydrated silica sold commercially by the Cabot »P J* ^ ^ u ^ 

Corporation) and 500 grams of ^tilled water The electrical bond between the negative electrode 

Assembly of the battery was begun by bonding the conductiV e plastic layer was removed by flame- 

metal layers 60 and 70 directly to^e conductive plas- -SX rinc onto glass plate, removing the zinc foil 

tic members 80 and 90 respecti vely ^ough ^ £Ed and placing itagainst the conductive plas- 

cation of heat and pressure SpecificaUy the conduc- ™« P assembly of the battery was as de- 

tive plastic layers were bonded to the steel current col- *h H hn e 

lectors at 350° F. and under 500 psi pressure for about J5 ^ ^ ^ ator layer and 

15 seconds. lUe conductive plastic layers as ^l as the ^ positive elec tode layer was omitted by 

laminate assembly were then cut into pieces 3.42 adj £ ^ t^ electrolyte mixture 

in ^ CS ¥\ ^ ChCS hl ^^SnXS^ S^coat the posftive electrode. Similarly, the elec 
achieved by first thoroughly ?f tric al bond between the negative electrode layer and 
gredients to form a 5"°°^ 60 ^ ^ was omitted £ omitti „ g the bonding gel 

r^^^^^ fromLmUtu^ 

%cTuS^ battery was prepared 35 descnbed 

o n7 inrh*»« hv 2 74 inches centered on the conductive above. 

piastic stencil wT*en removed and the coating 65 The electrical bond between the posmve elecUode 
w^ dnred for 15 minutes at 60<C. The resulting dry and the conductrve plastic layer was removed by spray- 
%^££^^r«*^1m**>£i>* ing the manganese dioxide-b.nder-carbon m«tu^on 
adhered well to the conductive plastic substrate. release paper, removmg it from the release paper, and 
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applying it against the conductive plastic layer. Other- 
wise the assembly was prepared as above. 

The test data obtained are set forth in Table I below. 
All batteries were tested at 0 lbs. pressure, 1 lb. pres- 
sure and 10 lbs. pressure. The. open-circuit voltage, 
designated in table 1 as "OCV" was measured on a 
Darcy 330 digital multimeter. The impedance, desig- 
nated in Table 1 as "IMP" was measured on a ROV im- 
pedance meter at 1 ,000 cycles per second utilizing a 



curred when the bonds were removed between the neg- 
ative mix patches (items 30 in FIG. 2) and the conduc- 
tive plastic layers (items 70, 80, 90 and SO in FIG. 2). 
The same was true with respect to the bonds that were 
removed between the separator layers (items 40 in 
FIG. 2) and the adjacent negative and positive mix 
patches (items 30 and 20 in FIG. 2). The application 
of pressure to the batteries tested did increase the 
closed circuit voltages, but not to the values obtained, 



r - — - » K w avvutiu uuiutug a wiwo^u wtwiut. vujuigca, uui uui w me values u Dunne a, 

Bailentine electronic voltage meter Model 300. The 10 without pressure applied, from the bonded control bat- 



closed circuit voltage, designated in Table 1 as "CCV", 
was measured on a Brush Mark 20 recorder and desig- 
nates the battery voltage at the end of one pulse dis- 
charge for 1.1 second through a 3.3 ohm resistor. 



tery of the invention wherein all of the electrical bonds 
were intact. 

The impedance test that was used indicates internal 
resistance of the batteries tested. The impedance val- 



TABLE I.- Effects of Removing Bonds in Multicell Battery Shown in Figure 2; Electrical Characteristics v. Pressure Placed on Battery 



Bond(s) removed at interface(s) between — 

following layers (see Figure 2) OCV « 

None removed (control) 6.37 

70-90 $.36 

30-d-90........ 6.37 

30-d-90 and 30-a-50-a 6.36 

30-d-90; 30-u-5O-a; and 30-b-50-b... 6.35 
30-d-90: 30-a-50-a; 30-b-50-b; and 

3()^c-50-c..„ 6.34 

30-u-40-;i and 30-b-40-b 6.35 

30-a-4O-u; 30-b-40-b; 30-c-40-c; 

and 30-d-4O-d '. 6.32 

20-a-4O-a; 20-b-40-b; and 20-c- 

40-c 6.38 

20-a-40-a; 20-b-40-b; 20-c-40-c; 

and 20-d-.4O-d ; 6.38 

20-a-80...; , 6.48 

20-a-80; and 20^b-5O-a 6.48 



No pressure 



1 (b. pressure 



10 lbs. pressure 



IMP* CCV' 



OCV 



IMP 



CCV 



OCV 



[MP 



CCV 



1.10 
75 
1.30 
1.75 
2.85 

2.20 
3.65 

4.55 

6.00 

4.10 
6.7 
12.3 



5.01 
1.20 
4.79 
4.40 
3.91 

3.89 
4.44 

3.95 

3.11 

3.40 
3.37 
2.12 



6.30 
6.35 
6.31 
6.31 
6.31 

6.28 
6.25 

6.19 

6.30 

6.29 
6.35 
6.35 



0.97 
32 
1.07 
1.40 
1.85 

I. 62 
2.37 

4.20 

3.34 

3.60 
6.1 

II. 7 



5.06 
2.40 
4.84 
4.60 
4.20 

4.14 
4.56 

3.96 

3.31 

3.50 
3,45 
2.10 



6.25 
6.32 
6.27 
6.27 
6.26 

6.25 
6.25 

6.22 

6.26 

6.22 
6.32 
6.30 



0.90 
4.8 
0.99 
1.08 
1.17 

1.40 

I. 68 

3.60 

2.52 

2.34 
5.6 

II. 3 



5.20 
3.50 
4.94 
4.80 
4.56 

4.28 
4.84 

4.18 

3.86 

4.05 
3.56 
2.10 



As will be appreciated by those skilled in the art, the 
most significant electrical characteristic in Table I to be 
compared is the closed circuit voltage (CCV). CCV de- 
termines whether the battery-using device will operate 
effectively. The higher the CCV, the better are the de- 
vice operating characteristics. In the specific test to 
compile the data set forth in Table I, the device em- 
ployed will not operate below 4.00 volts. At least 
eleven pulses will be required from the battery. Corre- 
lation testing established that eleven pulses would not 
be obtained if the first CCV was below 4.40 volts. 

As can be seen from Table I, the control battery, i.e., 
battery of the invention with all bonds intact, had the 
highest CCV. This was the case whether no pressure, 
or up to 10 lbs. of pressure, was applied to the batteries 
that were tested. 

As is further apparent from Table I, the absence of 
the bond between the steel current collector (item 70 
in FIG. 2) and the adjacent conductive layer (item 90 
in FIG. 2) reduced the CCV the greatest amount. The 
next greatest reduction occurred when one or two 
bonds were removed between the positive mix patches 
(items 20 in FIG. 2) and the conductive plastic layers 
(items 80, 90, and 50 in FIG. 2). In the case of these 
two bond locations (20a-80 and 206 -50a), not even 
the application of pressure up to 10 lbs. to the batteries 
tested would compensate for the removal of the bonds. 
The CCV, even when the batteries tested, were sub- 
jected to extra pressure, did not rise above the end 
point of 4.0 volts. 

Significant, but to a lesser extent, CCV drops oc- 



ues in Table I clearly show that the battery of the inven- 
tion, (the control) had the lowest internal resistance. 
Since the open circuit voltages as measured are not 

40 influenced by internal resistance of the battery, no dif- 
ference between the fully bonded construction and the 
partially bonded construction was expected or is shown 
. by the results. 

FIG. 5 graphically compares the cathode efficiencies 

45 of two conventional prior art batteries with the cathode 
efficiencies of thin, flat, multicell batteries of the inven- 
tion at various anode current densities, to voltage end 
points of 1.0 volt per cell. FIG. 6 is similar to FIG. 5, 
except that it sets forth the results of test data obtained 

50 when the discharge end point was lowered to 0.75 volt 
per cell. 

The two prior art batteries tested were both nine volt 
batteries of the type identified by the National Elec- 

55 tronic Distributors Association Number 1604. The first 
consisted of a Ray-O-Vac 1604 battery; the other con- 
sisted of an Pye^eady "216." The thin, flat, m ulticell 
batteries 6t the invention that were tested comprised 
six cell, 9 volt flat batteries having an internal construc- 

60 tion of the type exemplified by FIG. 2 above, except, 
of course, that they included two additional cells. 

As can be seen from FIGS. 5 and 6, to voltage end 
points of 1.0 volt or 0.75 volt, the thin, flat, multicell 
batteries of the invention were far superior in percent 

65 cathode efficiencies on current drains of at least from 
25 milliamperes per square inch of anode to over 600 
milliamperes per square inch of anode. At discharge 
rates of 200 milliamperes per square inch of anode, the 
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end point voltage being 1 volt, the multicell batteries of kaline cell systems; acidic electrolytes such as sulfuric 

the invention exhibited a cathode efficiency well in ex- or phosphoric acid that may be used with other ceil sys- 

cess of 5 percent, whereas the prior aft batteries exhib- terns; and non-aqueous electrolytes. Other aqueous 

itcd efficiencies of the order of 2 or 3 percent. In point electrolyte systems, including, those of nickel-zinc, si|- 

of fact, the efficiency of the battery of the invention (at 5 ver-zinc, mercury-zinc, mercury-cadmium, and nickel- 

the 200 miliiampere per square inch of anode drain cadmium systems may also be used. In addition, sys- 

rate, as shown in FIGS. 5 and 6) was over 10 percent, terns employing organic positive electrodes and acidic 

or between three and five times greater than that of the electrolytes may also be used, including rechargeable 

prior art batteries. systems using azodicarbonamide compound electrodes 

FIGS. 6 and 7 graphically compare the cathode effi- 10 and Le Clanche electrolyte, 

ciency of various batteries of the invention constructed The present invention thus permits the production of 

in different thicknesses, which in FIGS. 6 and 7 are ex- extermely thin, flexible, high discharge rate multicell 

pressed in terms of the thickness of the cathode layers. batteries characterized by a minimized internal resis- 

FIG. 7 shows, the result of tests conducted to a dis- tance and optimized electrical characteristics which 

hcafge end point of one volt, whereas FIG. 8 reports 15 are substantially unaffected by the absence of compres- 

the results of tests conducted to a 0.75 volt end point. sive forces applied to the battery components. For ex- 

As is apparent from the comparison of FIGS. 7 and ample, the four cell Le Clanche battery of the invention 
8 with FIGS. 5 and 6, multicell batteries of the inyen- (the ''control" of Table I ) prepared as described above, 
tion in which each cathode layer ranges in thickness of was 2.75 inches wide and 3.42 inches long. The thick- 
from about 0.010 inch to about 0.012 inch have dis- 20 ness of the battery was about 0.10 inch. Recognizing 
charge efficiencies superior to conventional flat cell that this thickness includes the thickness of the vapor 
batteries at current densities exceeding 45 milliam- impervious steel wrapper or envelope layers 60 and 70 
peres per square inch of anode. Multicell batteries of as shown in FIG. 2, the average thickness of each of the 
the invention including cathode layers whose thickness four cells is seen to be less than 0.025 inch. Despite its 
ranges from about 0.018 to about 0.022 inch have dis- 25 extra-ordinary thinness, the battery was able to pro- 
charge efficiencies superior to the conventional prior duce at least 8 0 pulse -typ e drains of 1 . 1 sec onds d ura- 
art batteries at current densities higher than 90 mil- tion (with a 3 second rest between pulses) with a load 
hampers per square inch of anode. of 3 . 33 ohms at a minimum voltage to and including 

As will be appreciated by those skilled in the art, 4.00 volts when the 3.33 ohm load was applied, 

therefore, by constructing the batteries of the invention 30 The multicell batteries of the invention find particu- 

with positive electrode layers (i.e., cathode layers) of lar utility in applications where very high current drains 

less than about 0.025 inch, there can be established a are required and are accordingly well suited for use in 

cathode efficiency of at least 10 percent on current cameras, appliances, toys, tape recording cassettes, and 

drains of 100 milliampers per square inch of anode, the in other applications that will readily occur to those 

voltage per cell during the current drain being at least 35 skilled in the art. Still other applications not requiring 

one volt. Also, batteries of the invention may be con- high discharge rate, but utilizing the thin, flexible, phys- 

structed wherein the thickness of each positive elec- ically integral, or pressure insensitive characteristics of 

trbde layer is less than 0;015 inch for establishing a the battery will occur to those skilled in the art. 

cathode efficiency of at least 10 percent on current It should be understood that while the present inven- 

drains of 500 milliamperes per square inch of anode, 40 tion has been described in considerable detail with re- 

the voltage per ^ celfduring the current drain being at spect to certain specific embodiments thereof, it is not 

least 0.75 volt. to be considered limited to those embodiments, but 

While the preferred embodiment of the invention has may be used in other ways without departure from the 

been described with reference to the Le Clanche sys- spirit of the invention or the scope of the appended 

tern, a wide variety of positive and negative electrode claims, 

materials and electrochemical systems, including both What is claimed is: 

primary and secondary systems, may be used to provide 1. A high discharge rate multicell battery including a 
multicell batteries in accordance with this invention. plurality of series-connected cells comprising 
Among the positive electrode materials that may be a multiplicity of electrically conductive layers ar- 
emplpyed are the commonly used inorganic metal ox- 3U ranged in cooperative electrical association with 
ides, such as manganese dioxide, lead dioxide, nickel one another for establishing a multicell battery 
oxyhydroxide, mercuric oxide, and silver oxide; inor- which, in the absence of external pressure applied 
ganic metal halides, such as silver cnloride and lead to. said conductive layers, is characterized by a 
chloride; and organic materials capable of being re- cathode efficiency of at le ast 10 p ercent on a con- 
duced* such as dinitrobenzene and azodicarbonamide 33 tinuous current drain of 100 milliamperes per 
compounds. Among the negative electrode materials square inch of anode, the voltage per cell during 
that can be employed are the commonly used metals, the entire time of applying said current drain being 
such as zinc, aluminum, magnesium, lead, cadmium, at least 0.75 Volt, 

and iron. As will be appreciated by those skilled in the 6Q said electrically conductive layers including for each 

art, the particular electrolyte used will be selected to be said cell 

compatible with the positive and negative electrodes, a positive electrode layer separated from 
as well as other components that are employed. With a negative electrode layer by 
the appropriate electrodes; the electrolytes will there- an adhesive, ion ically conductive, electrolyte- 
fore include those commonly used in the Le Clanche 65 containing separator layer with its opposite faces 
system (ammonium chloride and/or zinc chloride); var- adhering to the confronting faces of said elec- 
ioiis alkaline electrolytes, such as the hydroxides of po- trode layers and providing ionic conductivity be- 
tassium, sodium, and/or lithium that may be used in al- tween them, 
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said adherence of said confronting faces rendering 
the conductivity therebetween substantially inde- 
pendent of compressive forces developed by exter- 
nal application of pressure, : 

an electrolyte impervious intercell connector layer 5 
disposed between each pair of adjacent cells, with 
its opposite faces adhered to the confronting faces 
of the electrodes of said adjacent cells, 

a pair of current collector layers one face of one of 
them being adherent to the confronting face of a 10 
positive electrode layer of one terminal cell and 
one face of the other of them being adherent to the 
confronting face of the negative electrode layer of 
the other terminal cell, 

said adherence between said intercell connector lay- 15 
ers and between said current collector layers with 
their associated electrode layers rendering the con- 
ductivity therebetween substantially independent 
of compressive forces developed by external appli- 
cation of pressure, 20 

the peripheral faces of each intercell connector layer 
and each said current collector layer extending be- 
yond the periphery of said positive and negative 
electrode layers, and 

means including said peripheral faces of said intercell 25 
connector layers and of said current collector lay- 
ers providing an electrolyte impervious border seal 
around each cell without development of compres- 
sive forces upon said electrically conductive layers. 

2. The multicell battery of claim 1 in which the thick- 30 
ness of said electrically conductive layers forming each 
cell does not exceed five hundreths of an inch. 

3. The multicell battery of claim 1 in which the thick- 
ness of each cell together with an intercell connector 
layer does not exceed five hundreths of an inch. 35 

4. The multicell battery of claim 1 in which each 
electrode layer comprises a binder matrix containing 
electrochemically active material. 

5. The multicell battery of claim 1 in which the posi- 
tive electrode comprises manganese dioxide, the nega- 40 
tive electrode comprises zinc, and the electrolyte com- 
prises an acidic solution of ammonium chloride and/or 
zinc chloride. 

6. The multicell battery of claim 1 wherein each elec- 
trode layer comprises a binder matrix containing elec- 45 
trochemically active material and each intercell con- 
nector layer comprises a non-conductive matrix con- 
taining electrically conductive material, and means in- 
cluding said matrices for adhering together the con- 
fronting faces of each pair of adjacent layers formed by 
said matrices, and bonding means for adhering together 
the confronting faces of each said electrolyte contain- 
ing layer and each adjacent electrode layer, for estab- 
lishing throughout said battery adherence between said 
faces with said electrical bonds therebetween. 

7. The multicell battery of claim 1 in which the thick- 
ness of each positive electrode layer dos not exceed 
0.025 inch. 

8. A thin, high discharge rate battery of the LeC- 
lanche type including 

a multiplicity of electrically conductive layers ar- 
ranged in cooperative electrical association with 
one another for establishing a multicell battery 
which, in the absence of external pressure applied $5 

' to said conductive layers, is characterized by a 
cathode efficiency of at least 5 percent on a contin- 
uous current drain of 200 milliamperes per square 



inch of anode, the voltage per cell during the entire 
time of applying said current drain being at least 1 
volt, said electrically conductive layers comprising 
a plurality of series-connected cells each of which in- 
cludes 

a positive electrode layer separated from 
a negative electrode layer by 
an adhesive, ionically conductive aqueous elec- 
trolyte-containing separator layer with its oppo- 
site faces adhering to the confronting faces of 
said electrode layers and providing ionic conduc- 
tivity between them, 

said adherence of said confronting faces rendering 
the conductivity therebetween substantially inde- 
pendent of compressive forces developed by exter- 
nal application of pressure, 

an electrolyte impervious intercell connector layer 
disposed between each pair of adjacent cells, with 
its opposite faces adhered to the confronting faces 
of the electrodes of said adjacent cells, 

a pair of current collector layers one face of one of 
them being adherent to the confronting face of a 
positive electrode layer of one terminal cell and 
one face of the other of them being adherent to the 
confronting face of the negative electrode layer of 
the other terminal cell, 

said adherence between said intercell connector lay- 
ers and between said current collector layers with 
their associated electrode layers rendering the con- 
ductivity therebetween substantially independent 
of compressive forces developed by external appli- 
cation of pressure, 

the peripheral faces of each intercell connector layer 
and each said current collector layer extending be- 
yond the periphery of said positive and negative 
electrode layers, and 

means including said peripheral faces of said intercell 
connector layers and of said current collector lay- 
ers for providing an electrolyte impervious border 
seal around each cell without development of com- 
pressive forces against the electrically conductive 
layers of each cell. 

9. The multicell battery of claim 8 wherein the thick- 
ness of each positive electrode layer is less than 0.022 
inch for establishing a cathode efficiency of at least 10 
percent on current drains of 100 milliamperes per 
square inch of anode, the voltage per cell during the en- 
tire time of applying the current drain being at least 
0.75 volt, 

10. The multicell battery of claim 8 wherein the 
thickness of each positive electrode layer is less than 
0.015 inch for estabishing a cathode efficiency of at 
least 10 percent on current drains of 500 milliamperes 
per square inch of anode, the voltage per ceil during 
the entire time of applying current drain being at least 
0.75 volt. 

11. The multicell battery of claim 8 including four 
cells cooperatively associated for producing at least 1 1 
pulses of 1 . 1 seconds duration with a load of 3.33 ohms 
at a voltage of at least 4 volts, the rest interval between 
pulses being 3 seconds. 

12. The multicell battery of claim 8 wherein each 
electrode layer comprises a binder matrix containing 
electrochemically active material and each intercell 
connector layer comprises a non-conductive matrix 
containing electrically conductive material, and means 
including said matrices for adhering together the con- 
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fronting faces of each pair of adjacent layers formed by 
said matrices, and bonding means for adhering together 
the confronting faces of each said electrolyte- 
containing layer and each adjacent electrode layer, for 
establishing throughout said battery adherence be- 
tween said faces with electrical bonds therebetween. 
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13. The multicell battery of claim 12 including four 
cells cooperativel^ssociatay^ 1 
pulses of 1 . 1 seconds duration with a load of 3.33 ohms 
at a voltage of at least 4 volts, the rest interval between 
pulses being 3 seconds. 
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